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Background: The purpose of this study was to compare the incidence
of pseudotumors in metal-on-metal (MoM) titanium modular neck hip
arthroplasties to non-MoM modular neck hip arthroplasties. A
secondary goal was to determine whether a correlation exists
between elevated metal concentrations and pseudotumor incidence.
Methods: The data were collected and evaluated from 49 MoM joints
and 26 non-MoM joints between the years 2012 and 2017. Hip
ultrasonography was done after a minimum of 5 years postimplantation.
Whole serum metal (titanium, cobalt, and chromium) concentrations
were measured at the hip ultrasonography study.
Results: The average time elapsed between surgery and
ultrasonography visit was 7.6 years. In the 49 patients with MoM joints,
22.4% (n = 11) had a pseudotumor. In the 26 patients with non-MoM
joints, 9.1% of metal-on-polyethylene hips (n = 1) and 0% of ceramic-onceramic/polyethylene hips developed a pseudotumor. No significant
statistical correlation was observed between serum metal concentrations
and pseudotumor formation (P . 0.05). A significant correlation was
observed of serum titanium concentration to pseudotumor size (P =
0.024).
Conclusion: The incidence of pseudotumor formation in MoM total
hip arthroplasties was more than five times the incidence associated
with non-MoM bearings. The correlation between serum titanium
concentration and pseudotumor size suggests that titanium levels
may be a useful indicator for pseudotumor formation in patients with
this particular titanium modular neck femoral implant. No notable
correlation was observed between serum cobalt and chromium
concentration and pseudotumor formation or size.

M

etal-on-metal (MoM) implants
for total hip arthroplasties (THA)
were originally designed to be an
attractive alternative to the more
traditional metal-on-polyethylene (MoP)
implants. However, MoM implants
have been criticized for having a
variety of unexpected consequences,
such as higher revision rates, systemic
metal toxicity, and adverse local tissue

reaction (ALTR).1 Pseudotumors are
non-neoplastic, noninfectious masses
that can be solid or fluid filled and
may or may not communicate with
the joint space (see Figure, Supplemental Digital Content 1, http://
links.lww.com/JAAOS/A503). 1,2
Pseudotumors may initially present as
asymptomatic; however, if left untreated they can progress to cause pain,
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tissue destruction, swelling, pressure
effects, and subluxation that can eventually require revision arthroplasty.3
Kleeman et al4 demonstrated that
22% of patients with MoM implants
required a revision procedure. Of the
patients who required revision, 82%
had demonstrated the presence of a
pseudotumor via magnetic resonance
imaging (MRI).4 Bosker et al2 demonstrated a 32.2% incidence of both
symptomatic and asymptomatic pseudotumors in 723 MoM THAs, with
the most important predictive factor
for the presence of a pseudotumor
being pain. In addition, serum levels of
cobalt $4 mg/L and the presence of
swelling are notable risk factors for
pseudotumor development. Previous
studies have also shown a correlation
with increased serum cobalt ion level
and the presence of ALTRs.5,6
Although these previous studies
report the incidence of pseudotumor
formation in MoM cohorts, the
current study prospectively compares the incidence of pseudotumors
in MoM versus non-MoM THA
implants, with both groups having
a dual modular titanium neck of
the same design. The purpose of
this study was to (1) demonstrate
the prevalence of pseudotumors in
MoM versus non-MoM implants
and (2) demonstrate the relationship
between pseudotumors and serum
metal levels with this particular
design.

Methods
After institutional review board
approval, 75 of 137 contacted patients
who previously underwent implantation of modular neck THAs between
2004 and 2010 (Profemur Z; Wright
Medical Group Inc) were consented for

participation in this study. Sixty-two
contacted patients refused participation. Patients were included if they had
undergone a primary THA procedure
with a posterior approach done by the
same board-certified orthopaedic surgeon. Of the 75 patients enrolled, 49
patients had undergone implantation
of a MoM hip joint, whereas 26 patients had undergone implantation of
a non-MoM hip joint. The 49 MoM
THAs had cobalt-chromium acetabular cup and femoral head components, whereas non-MoM THAs
included one of the following bearing
combinations: MoP (11), ceramic-onpolyethylene (3), and ceramic-onceramic (12). All the patients in
both groups had the same titanium
stem and titanium modular neck. At
the time of enrollment, no patients
were known to have a pseudotumor.
No patients were actively excluded
because of the length of follow-up;
however, because of the chronology
of study onset, all patients within
the study were at least 6 years postTHA. At this visit, serum cobalt,
chromium, and titanium concentrations were measured, and hip
ultrasonography was completed. All
metal concentrations were analyzed
at the Mayo Clinic Laboratory (Rochester, MN). Hip ultrasonography
studies were did by the same trained
ultrasonographer with a GE Logiq
ultrasonography machine (General
Electric). The ultrasonographer assessed for the presence of pseudotumor and determined the dimensions
of the pseudotumor if applicable.
All statistical analyses were conducted using SPSS 25.0 (IBM, 2017).
Student t-tests were conducted to
compare serum metal concentrations
between MoM and non-MoM groups.
The Chi square analysis was used to

compare the incidence of pseudotumors in MoM and non-MoM
joints. Similar chi square analyses
were conducted to compare incidence of
pseudotumors between patient groups
stratified by MoM versus MoP versus
ceramic-on-ceramic/polyethylene
(CoC/CoP). Binary and multivariate logistic regressions were
then used to assess for correlation
between serum metal concentrations
and pseudotumor incidence. Finally,
joints were stratified into groups
with and without pseudotumor,
after which these groups were
analyzed byStudent t-tests for a
difference in the mean serum metal
concentrations.

Results
The mean time elapsed between surgery and follow-up visit was 7.62 6
1.90 years. Eleven of the 49 MoM
hips (22.4%) and one of the 26 nonMoM hips (3.8%) developed a pseudotumor (P = 0.033). When patient
groups were further stratified, 1 of 11
MoP hips developed a pseudotumor
(9.09%) and 0 of 15 CoC/CoP hips
developed a pseudotumor (0%). Chisquare analyses showed a significant
difference in pseudotumor formation
between MoM versus CoC/CoP (P =
0.001), but no significant difference
between MoM versus MoP (P =
0.235). Revision surgery data showed
revision surgeries were done on two of
the 11 MoM patients with a pseudotumor secondary to pain. Both these
patients had abnormal cobalt and
chromium serum concentrations.
There were no reported revisions in
the non-MoM patient groups.
The results of the bivariate logistic
regression analysis suggested no
correlation between serum metal
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concentrations and pseudotumor
incidence (P . 0.05). The results
of the bivariate linear regression
analyses comparing pseudotumor
size with serum metal concentrations
showed no significant correlations
(P . 0.05). However, multivariate
regression suggested a significant correlation of pseudotumor size to serum
titanium concentration (P = 0.024)
and patient age (0.039).
When comparing patients with and
without a pseudotumor, the mean
serum cobalt, chromium, and titanium concentrations metal levels were
greater in the pseudotumor group
(See Figure, Supplemental Digital
Content 2, http://links.lww.com/
JAAOS/A504), but this difference
was not statistically notable (P .
0.05) (see Table, Supplemental Digital Content 3, http://links.lww.com/
JAAOS/A505).

Discussion
MoM and modular neck THAs have
been scrutinized for various local and
systemic complications.1-4,7 Pseudotumors are a manifestation of an
ALTRs and implant corrosion. In
modular neck systems, corrosion can
occur at the head-neck and neckstem junctions.8 In MoM modular
neck THAs, the MoM head-cup
articulation is an additional location that can be at a higher risk for
implant corrosion. This is the first
study to our knowledge to directly
compare whether those patients with
modular neck MoM THAs have a
greater incidence of pseudotumor
formation compared with non-MoM
modular neck implants. Our study
suggested that the incidence of pseudotumor formation is greater in MoM
(22.4%) compared with non-MoM
articulations (3.8%), with MoM joints
accounting for most cases with elevated metal concentrations. When the
non-MoM groups were further stratified, our study confirmed that pseu-

dotumors were only prevalent in
patients with at least one cobaltchromium component.
Our study was unique in that it
focused on pseudotumor formation
in patients with a particular titanium
modular neck system, the Profemur
Z. Pour et al9 critiqued this same
implant system for the risk of failure
in a cohort of 102 patients with
various bearing surfaces. The authors cited fracture of the modular
neck (n = 6) as the most common
cause of aseptic revision with only 3
cases of revision for ALTR. The rate
of fracture incidence was low, similar to the current study and other
cited literature.10,11 However, unlike
the current study, they only did
advanced imaging on symptomatic
patients with negative radiographs,
and therefore, they were unable to
report the incidence of pseudotumor
formation. Moreover, they did not
stratify their findings by bearing
type. In the current study, however,
all patients received an ultrasonography to assess for pseudotumor
formation, and we report the incidence of this complication for the
different bearing combinations.
The current literature suggests that
pseudotumors may be a result of
either bearing (head-cup) or trunnion
(stem-head) corrosion.7,12-14 Goldberg
and Gilbert12 described specifically
the process of corrosion initiated by
mechanical mechanisms in modular
hips in which the protective oxide
layer coating of metal is disrupted,
and trunnion geometry may play a
role in promoting trunnionosis and
fretting.13 MoM corrosion promotes a
macrophage exocytotic response and
subsequent tissue necrosis.7,15
Our study was aimed to better
understand pseudotumor prevalence
in MoM versus non-MoM THA.
Large cohort studies have described
pseudotumors regarding their appearance as a solid or cystic lesion of varying sizes.16 Histologic evidence of
extensive lymphocytic infiltration in

periarticular tissue suggested metal
hypersensitivity as the underlying
mechanism for pathogenesis,17-19
and retrieval studies have since
reported the presence of pseudotumors to be greater in those joints
with greater bearing wear and
metal ion leeching.20-22 Previous
reports have shown that pseudotumors form in well-positioned
MoM hips with minimal evidence
of corrosion.23 Given the variability in presentation and clinical
course of pseudotumors, it is unclear
why cobalt-chromium wear may
cause no clinically relevant response
in some patients but pseudotumors
in others. Genetic predisposition is
being investigated to provide some
insight.24
When comparing serum metal ion
concentrations in patients with and
without pseudotumors, no statistically notable difference was observed
in mean serum cobalt and chromium.
Interestingly, our analysis correlating serum metal concentrations and
pseudotumor size showed that serum
titanium concentrations were notably correlated to increased pseudotumor size. Because all THAs in our
study consisted of a modular titanium neck and titanium stem, the
correlation between pseudotumor size
and titanium levels could be explained
by corrosion of the trunnion at the
head-neck junction or corrosion at the
modular neck-stem junction. However, we cannot postulate whether
titanium corrosion is a cause of pseudotumor formation or simply a sign of
the local inflammatory process.
An association between pseudotumor formation and corrosion of a
titanium femoral implant has been
reported in the literature, although
these reports have been limited to
case-studies. Sakamoto et al25 reported
on a 77-year-old woman with a cobaltchromium head, polyethylene liner,
and titanium stem who went on to
develop hip pain in the context of a
pseudotumor. The primary arthroplasty
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was complicated by an intraoperative
fracture of the greater trochanter
which was prophylactically secured
with a cerclage cable during the index
surgery. The patient developed hip
pain and swelling secondary to progressive osteolysis in addition to
pseudotumor formation 6 years after
the index surgery, at which time
serum cobalt and chromium concentrations were within normal limits
but serum titanium was 30 ng/mL.
The patient had the cable removed,
with visible fretting of the titanium
stem underlying the cable, and the
pseudotumor was débrided with further study by plasma atomic emission
spectrometry showing high density
titanium deposition and relative
absence of cobalt or chromium in the
pseudotumor.25 Another instance of
titanium associated osteolysis and
pseudotumor formation is reported
by McPherson et al26 in a 59-yearold woman with a porous titanium
stem, ceramic head, and a polyethylene liner in a titanium cup who
presented with hip pain 10.5 years
after implantation. They found titanium particles throughout the pseudotumor with local histiocytosis.
The source of the titanium particles
was attributed to leaching from
the porous coating on the femoral
stem.26 Given our study findings and
these past reports, it can be postulated that titanium modular necks
are still at risk of pseudotumor formation secondary to the head-neck
trunnion with Co-Cr heads. Further investigations are necessary to
determine the role of titanium in
destructive and inflammatory processes in patients with these particular titanium modular neck THA
systems.
Our study shows that patients without a cobalt-chromium head were not
at risk of developing a pseudotumor,
regardless of bearing components used.
Some studies have indicated increased
serum cobalt concentrations are
associated with pseudotumor inci-

4

dence1-4,27,28 ; however, our data
do not support a correlation between
increased serum cobalt or chromium
concentrations and pseudotumor formation. A few possible explanations
exist for this. Patient factors exist that
may impact the accumulation of metal
levels that are unaccounted for.24
Although the development of corrosion and subsequent elevation of metal
levels was detected in previous studies,
the etiology is likely multifactorial.2-4,24
In addition, diagnostic limitations in
ultrasonography and operator skill
may have led to the lesser detection of
pseudotumors in the current study,
although a recent study suggests that
ultrasonography sensitivity may be
comparable with MRI when conducted by a skilled technician.29
In the reviewed literature, the incidence of pseudotumors is reported at
variable rates.30-32 Wiley et al30
reported an incidence of 0.6% in
near 14,000 MoM patients, but
Reito et al31 subsequently suggested
that the nature of clinical investigations, such as serum ion screening and cross-sectional imaging with
ultrasonography or MRI, increases
the finding of pseudotumors with
rates up to 9.5%. Another report
conducted by Goldstein et al32 examined 82 patients with modular MoM
hip joints with 26 of 82 patients
(31.7%) having cystic lesions on Metal
Artifact Reduction Software MRI.
Such variability in incidence in MoM
patients points to elements of pseudotumor pathogenesis that still need
to be elucidated. In addition, different
rates of diagnosis between ultrasonography and MRI studies brings up
the question as to what imaging
modality is best suited for pseudotumor diagnosis. Kwon et al29 investigated the validity of ultrasonography
as a tool for diagnosing ALTRs in
patients with MoM THA, concluding
that there is comparable sensitivity
and specificity of ultrasonography to
Metal Artifact Reduction SoftwareMRI. Considering the various pro-

posed mechanisms that point to metal
hypersensitivity as the driving force
for pseudotumor genesis,17-22 further
study is indicated at this time to
determine why pseudotumors form
asymptomatically. Although corrosion
plays a role, it is unclear at this time
what degree of corrosion is necessary
to generate an inflammatory reaction.
More research is warranted to determine which THA components, trunnion or bearing, are most involved in a
wear and pseudotumor formation.
Our study did have multiple limitations. First, our prospective patient
cohort was limited in sample size.
Because this study maximizes internal validity by including only primary
THA patients with one type of modular neck femoral implant, the generalizability to other MoM systems is
limited. In addition, our ultrasonography analysis was conducted at
a minimum of 5 years postoperatively, and further follow-up may
reveal a higher incidence of pseudotumor formation. Loss of patients to
follow up may have consequently
impacted study outcomes. Further
study is warranted to have better
insight into the natural history of
pseudotumor development. Finally,
the experience of the ultrasonography technician can be a limiting factor in the sensitivity of pseudotumor
detection. Our radiology department
has extensive experience and training
using ultrasonography for this purpose which may not be available at all
institutions, and therefore, the generalizability is again limited based on
the resources available at individual
institutions.

Conclusion
ALTR and pseudotumor formation
is a complication of corrosion in
MoM articulations and modular neck
implants. Our study demonstrated that
the incidence of pseudotumor formation in MoM THAs was more than five

Journal of the American Academy of Orthopaedic Surgeons

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.

Tahsin M. Rahman, MD, et al

times the incidence associated with
non-MoM bearings. The correlation
between serum titanium concentration
and pseudotumor size suggests that
titanium levels may be a useful indicator in patients with this particular
modular neck femoral implant. For
patients with a MoM THA of this
particular design, we recommend routine serum metal levels to screen for
pseudotumor formation secondary to
ALTR.

References
References printed in bold type are
those published within the past 5
years.
1. Tallroth K, Eskola A, Santavirta S,
Konttinen YT, Lindholm TS: Aggressive
granulomatous lesions after hip
arthroplasty. J Bone Joint Surg Br 1989;71:
571-575.
2. Bosker BH, Ettema HB, van Rossum M, et
al: Pseudotumor formation and serum ions
after large head metal-on-metal stemmed
total hip replacement. Risk factors, time
course and revisions in 706 hips. Arch
Orthop Trauma Surg 2015;135:417-425.
3. Daniel J, Holland J, Quigley L, Sprague S,
Bhandari M: Pseudotumors associated with
total hip arthroplasty. J Bone Joint Surg Am
2012;94:86-93.
4. Kleeman LT, Goltz D, Seyler TM, et al:
Association between pseudotumor
formation and patient factors in metal-onmetal total hip arthroplasty population. J
Arthroplasty 2018;33:S259-S264.
5. Kwon YM, Glyn-Jones S, Simpson DJ,
Kamali A, McLardy-Smith P, Gill HS,
Murray DW: Analysis of wear of retrieved
metal-on-metal hip resurfacing implants
revised due to pseudotumours. J Bone Joint
Surg Br 2010;92:356-361.
6. Kwon YM, MacAuliffe J, Arauz PG, Peng
Y: Sensitivity and specificity of metal ion
level in predicting adverse local tissue
reactions due to head-neck taper corrosion
in primary metal-on-polyethylene total hip
arthroplasty. J Arthroplasty 2018;33:
3025-3029.
7. Urban RM, Jacobs JJ, Tomlinson MJ, et al:
Dissemination of wear particles to the liver,
spleen, and abdominal lymph nodes of
patients with hip or knee replacement. J
Bone Joint Surg 2000;82A:457.
8. Gill IPS, Webb J, Sloan K, et al: Corrosion
at the neck-stem junction as a cause of
metal ion release and pseudotumor

formation. J Bone Joint Surg Br Vol 2012;
94:895.
9. Pour AE, Borden R, Murayama T, GrollBrown M, Blaha JD: High risk of failure
with bimodular femoral components in
THA. Clin Orthop Relat Res 2016;474:
146-153.
10. Kovac S, Mavcic B, Kotnik M, Levasic V,
Sirse M, Fokter SK: What factors are
associated with neck fracture in one
commonly used bimodular THA design? A
multicenter, nationwide study in Slovenia.
Clin Orthop Relat Res 2019;477:
1324-1332.
11. Gofton WT, Illical EM, Feibel RJ, Kim PR,
Beaulé PE. A single-center experience with a
titanium modular neck total hip
arthroplasty. J Arthroplasty 2017;32:
2450-2456.
12. Goldberg JR, Gilbert JL: In vitro corrosion
testing of modular hip tapers. J Biomed
Mater Res B Appl Biomater 2003;64:78.
13. Bishop N, Witt F, Pourzal R, et al: Wear
patterns of taper connections in retrieved
large diameter metal-on-metal bearings. J
Orthop Res 2013;31:1116.
14. White PB, Meftah M, Ranawat AS,
Ranawat CS: A comparison of blood metal
ions in total hip arthroplasty using metal
and ceramic heads. J Arthroplasty 2016;31:
2215-2220.
15. Campbell P, Urban RM, Catelas I, et al:
Autopsy analysis thirty years after metalon-metal total hip replacement. A case
report. J Bone Joint Surg Am 2003;85:
2218-2222.
16. Pandit H, Glyn-Jones S, McLardy-Smith P,
et al: Pseudotumours associated with metalon-metal hip resurfacings. J Bone Joint Surg
Br 2008;90:847.
17. Pandit H, Vlychou M, Whitwell D, et al:
Necrotic granulomatous pseudotumours in
bilateral resurfacing hip arthoplasties:
Evidence for a type iv immune response.
Virchows Arch 2008;453:529.

histological features after failed hip
resurfacing arthroplasty. J Bone Joint Surg
2013;95A:e811.
22. Kwon YM, Ostlere SJ, McLardy-Smith P, et
al: “Asymptomatic” pseudotumors after
metal-on-metal hip resurfacing
arthroplasty: Prevalence and metal ion
study. J Arthroplasty 2011;26:511.
23. Williams D, Greidanus N, Masri B, et al:
Prevalence of pseudotumor in
asymptomatic patients after metal-on-metal
hip arthroplasty. J Bone Joint Surg 2011;
93:2164.
24. Sarhadi VK, Parkkinen J, Reito A, et al:
Genetic alterations in periprosthetic softtissue masses from patients with metal-onmetal hip replacement. Mutat Res 2015;
781:1-6.
25. Sakamoto M, Watanabe H, Higashi H,
Kubosawa H: Pseudotumor caused by
titanium particles from a total hip
prosthesis. Orthopedics 2016;39:
e162-e165.
26. McPherson E, Dipane M, Sherif S: Massive
pseudotumor in a 28mm ceramicpolyethylene revision THA: A case report.
Reconstr Rev 2014;4(1).
27. Barry J, Kiss MO, Massé V, Lavigne M,
Matta J, Vendittoli PA: Effect of femoral
stem modular neck’s material on metal ion
release. Open Orthop J 2017;11:
1337-1344.
28. Campbell PA, Kung MS, Hsu AR, Jacobs
JJ: Do retrieval analysis and blood metal
measurements contribute to our
understanding of adverse local tissue
reactions? Clin Orthop Relat Res 2014;
472:3718-3727.
29. Kwon YM, Dimitriou D, Lincoln Liow
MH, Tsai TY, Li G: Is ultrasound as useful
as metal artifact reduction sequence
magnetic resonance imaging in longitudinal
surveillance of metal-on-metal hip
arthroplasty patients? J Arthroplasty 2016;
31:1821-1827.

18. De Haan R, Pattyn C, Gill HS, et al:
Correlation between inclination of the
acetabular component and metal ion levels
in metal-on-metal hip resurfacing
replacement. J Bone Joint Surg 90B;1291:
2008.

30. Wiley KF, Ding K, Stoner JA, Teague DC,
Yousuf KM: Incidence of pseudotumor and
acute lymphocytic vasculitis associated
lesion (alval) reactions in metal-on-metal
hip articulations: A meta-analysis. J
Arthroplasty 2013;28:1238.

19. De Haan R, Campbell PA, Su EP, et al:
Revision of metal-on-metal resurfacing
arthroplasty of the hip: The influence of
malpositioning of the components. J Bone
Joint Surg Br 2008;90:1158.

31. Reito A, Lainiala O, Elo P, Eskelinen A:
Prevalence of failure due to adverse reaction
to metal debris in modern, medium and
large diameter metal-on-metal hip
replacements—The effect of novel
screening methods: Systematic review and
metaregression analysis. PLoS One 2016;
11:e0147872.

20. Langton DJ, Jameson SS, Joyce TJ, et al:
Early failure of metal-on-metal bearings in
hip resurfacing and large-diameter total hip
replacement: A consequence of excess wear.
J Bone Joint Surg Br 2010;92:38.
21. Grammatopoulos G, Pandit H, Kamali A,
et al: The correlation of wear with

32. Goldstein JM, Fehring TK, Fehring KA:
Cystic adverse local tissue reactions in
asymptomatic modular metal-on-metal
total hips may decrease over time. J
Arthroplasty 2016;31:1589.

Month 2020, Vol 00, No 00

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.

5

